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Abstract 
To compare the diagnostic value of exercise echocardiography and perfusion single photon emission 
computed tomography (SPECT) in the detection of the presence and the severity of coronary artery disease, 
we studied 21 patients with isolated stenosis of different degree of the left anterior descending artery. Both 
echocardiography and SPECT were performed in conjunction with the same symptom-limited bicycle 
exercise test. Positivity of the test was based on the presence of exercise-induced wall motion abnormalities 
and transient perfusion defects, respectively. For both tests, an 'ischemic' score was derived, as index of 
extent and severity of myocardial ischemia. Coronary arteriography was evaluated by caliper. 
The agreement between exercise echocardiography and SPECT for the presence of coronary artery 
disease was 90%; the discordance was due to two patients with positive echocardiography and negative 
SPECT. A good correlation between ischemic wall motion and perfusion score indices was found (r = 0.78, 
p < 0.0001. Moreover, the percent diameter stenosis was well correlated with both ischemic indices (r = 
0.75, p < 0.0001; r = 0.67, p < 0.001, respectively). In patients with a positive test, the mean value of 
ischemic wall motion score index was higher in patients with a diameter stenosis - 70% than in patients with 
a diameter stenosis <70% (0.59 + 0.19 vs 0.29 + 0.12, p < 0.01); a similar trend was found for ischemic 
perfusion score index (0.51 + 0.35 vs 0.27 _+ 0.12, ns). 
The results of this study indicate that in patients with single vessel disease of left anterior descending artery 
exercise echocardiography and SPECT give the same information on the presence, the extent and the 
severity of myocardial ischemia. 
Introduction 
Exercise electrocardiography and myocardial per- 
fusion scintigraphy are the most common non-in- 
vasive diagnostic tests in patients with suspected 
coronary artery disease [1-7]. In the last few years, 
exercise chocardiography is emerging as a promis- 
ing alternative for assessing the functional severity 
of coronary stenoses [8-11]. However, few studies 
have been addressed to compare the relative diag- 
nostic efficacy of the two imaging tests [12-14]. 
Furthermore, no study has been designed so far to 
explore the relation between the results of exercise 
echocardiography and exercise perfusion scintigra- 
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phy (when simultaneously applied) in patients with 
coronary stenosis of different severity. In most clin- 
ical studies, the visual assessment of coronary ste- 
noses has been used as 'gold standard' for assessing 
the diagnostic efficacy of non-invasive t sts. 
Accordingly, we wanted to assess the diagnostic 
value of simultaneous exercise chocardiography 
and perfusion single photon emission computed 
tomography (SPECT) in a homogeneous group of 
patients with isolated left anterior descending coro- 
nary artery stenosis, quantitatively assessed. 
Study group 
From july 1989 to august 1990, 221 patients primar- 
ily referred for perfusion scintigraphy underwent 
simultaneous exercise echocardiography and 
SPECT at the Thoraxcenter. From this large group 
we selected all the patients who fulfilled the follow- 
ing requirements: 1) isolated narrowing limited to 
the left anterior descending artery on coronary ar- 
teriography performed within two weeks of the 
non invasive test; 2) no ECG evidence of previous 
transmural myocardial infarction; 3) no previous 
cardiac surgery; 4) no evidence of cardiomyopath- 
ies, congenital or acquired valvular heart disease. 
Twenty-one patients comprised the study group 
representing a consecutive series meeting the 
above requirements; 17were men and 4 were wom- 
en. Their mean age ranged from 37 to 77 years 
(mean 59 + 11 years). Seven patients had a docu- 
mented previous non-Q wave myocardial infarc- 
tion. At the time of the tests, betablockers were 
being taken by 8 patients. 
Methods 
All patients underwent a symptom limited upright 
bicycle ergometry with stepwise increments of 20 
Watts each minute. ECG was continuously mon- 
itored (leads II, V2, V5) and recorded every min- 
ute (12-lead). The level of the ST segment was 
calculated by a signal averaged computerized sys- 
tem (Cardiovit CSG/12, Schiller). A -> 1 mm hori- 
zontal or downsloping ST segment depression oc- 
curring 80msec after the J point was considered 
ischemic. Seventeen patients reached an adequate 
exercise nd-point, defined as the development of 
typical angina pectoris, ischemic ST segment de- 
pression, or achievement of >- 85% of their maxi- 
mal predicted heart rate. 
SPECT imaging 
At peak exercise, either 370 MBq of 99 m-Tc-me- 
toxy isobutyl isonitrile (MIBI) (n = 12) or 111 MBq 
of 201-thallium (n = 9) was injected in an antecub- 
ital vein. Patients continued to exercise for another 
one to two minutes. Then, the protocol was differ- 
ent, according to the different radiotracer used. 
When 201-thallium was administered, stress imag- 
ing started within 10 minutes of the termination of
exercise and redistribution images were acquired 4
hours after the injection. When MIBI was used, 
stress images were acquired one hour after exer- 
cise; for resting studies, patients were reinjected 
with 370 MBq of MIBI at least 24 hours after the 
stress tudies. 
All the images were acquired by a Siemens Gam- 
masonics single head Rota Camera (Orbiter) 
equipped with 37 photomultiplier tubes, a 3/8 inch 
Nal crystal and a low-energy, all-purpose collima- 
tor. Thirty-two projections were obtained (180 ~ 
scanning, from left posterior oblique to right ante- 
rior oblique projection) with an acquisition time of 
45 sec per projection. The digitizing matrix (64 • 
64 word mode) was selected in the mid portion of 
the camera image by using a zoom factor X/2. 
Tomographic data were reconstructed with the 
SPETS package (Nuclear Diagnostic AB, Hag- 
sten, Sweden). The direction of left ventricular 
long axis was determined from two orthogonal 
views (anterior and lateral); oblique slices (short 
axis) and sagittal slices (vertical long axis), perpen- 
dicular and parallel to the long axis respectively, 
were reconstructed. For each patients, six oblique 
(short axis) slices were defined from the apex to the 
base, and three sagittal slices from septum to the 
lateral wall. 
To compare exercise and reperfusion studies, 
the short axis and the sagittal slices were displayed 
as pairs and interpreted by the same experienced 
observer, who was unaware of clinical data, echo- 
cardiographic and angiographic results. In our cen- 
ter, simultaneous cintigraphic and echocardio- 
graphic studies are always interpreted and scored 
without knowledge of other data. Each short axis 
slice was divided into 8 equal-sized regions; the 
septal part of the two upper slices (4 segments) was 
not evaluated, since this portion corresponds tothe 
fibrous interventricular septum and may result in 
reduced uptake. The apical region was evaluated 
from the three central sagittal cross section, yelding 
a total of 44 + 3 = 47 segments per patient study. 
The myocardial uptake of the radiotracer was vi- 
sually graded for each segment with a 5-point scale 
(0 = normal, 1 = slightly reduced uptake, 2 = 
moderately reduced uptake, 3 = severely reduced 
uptake, 4 = 'absence' of uptake). An 'ischemic' 
response was defined as transient perfusion defects 
in at least two contiguous egments and/or slices. 
Perfusion score indices were then calculated by 
averaging the scores for all segments, both in the 
post-exercise and in the rest studies. An 'ischemic' 
perfusion score index was derived by the difference 
between stress and rest indices, giving an idea on 
both extent and severity of myocardial ischemia. 
Exerc&e chocardiography 
All echocardiograms were performed by a cardiol- 
ogist, using either a 3.5 or 2.5 MHz transducer and 
a commercially available wide angle phased array 
system (Hewlett Packard, Sonos 1000). Standard 
parasternal long- and short-axis views and apical 
two and four chamber views were recorded at rest 
with the patient in the left lateral position. Multiple 
apical views, including the apical long-axis view, 
were used instead of parasternal views when the 
latter gave poor image quality. After reaching the 
exercise nd point, the patients were immediately 
placed in the same left lateral position and the 
stress echocardiograms were obtained in the same 
four views. The rest and stress images were record- 
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ed on videotape and were also digitized on line 
using a Nova Microsonics PreVue [II system. This 
system was set up to record at rest one repre- 
sentative cardiac cycle obtained from 4 different 
views. After exercise, 4 consecutive cardiac cycles 
for each view were captured; the cycle with the 
highest image quality was then selected and dis- 
played side-by-side with the corresponding rest cy- 
cle. Two different quad-screen formats, showing 
the rest and stress images, were finally stored in a 5 
1/4 inch double-side high-density floppy disk. 
All echocardiograms were reviewed on floppy 
disk as a continuous loop at different playback 
speeds by two observers who were unaware of the 
results of exercise test, scintigraphic data or coro- 
nary arteriography. For purpose of analysis, left 
ventricular wall was divided into 14 segments [15]. 
Both systolic wall thickening and inward wall mo- 
tion were visually evaluated; each segment was 
graded with a 4-point scale (1 = normal, 2 = hypo- 
kinetic, 3 = akinetic, 4 = dyskinetic). An ischemic 
response was defined as a wall motion abnormality 
in one or more segments which were normal at rest, 
or a worsening of wall motion in one or more 
segments which were hypokinetic at rest. A wall 
motion score index was derived, for both rest and 
stress studies, by dividing the total score by the 
number of the segments. An 'ischemic' wall motion 
score index was then calculated from the difference 
between stress and rest indices. Accordingly, an 
ischemic score by 0 was associated with no evidence 
of stress-induced myocardial ischemia. In our lab- 
oratory, inter-and intra-observer variability for 
stress echocardiography has been found to be mini- 
mal [14]. 
Assignment of different left ventricular regions to 
specific oronary arteries 
To assign the vascular territories of the different 
coronary arteries, both the 47 segments imaged by 
SPECT and the 14 segments imaged by echocar- 
diography were combined in the same correspond- 
ing ventricular regions, denoted as anterior, post- 
erolateral, inferior, interventricular septum, and 
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apex .  The  in tervent r i cu la r  septum and the  apex  
were  a t t r ibuted  to  the  le f t  anter io r  descend ing  ar -  
te ry  d i s t r ibut ion ;  the  la tera l  wa l l  to  the  le f t  c i rcum-  
f lex  a r te ry ;  the  in fe r io r  wa l l  to  the  r ight  coronary  
a r te ry .  
Coronary arteriography 
Coronary  a r te r iography  was  per fo rmed us ing  the  
Judk ins  techn ique .  Coronary  c ineang iograms were  
ana lyzed  w i th  a PC-based  coronary  ana lys i s  sys tem 
wi th  a manua l  ca l iper  p rogram in its bas ic  conf ig -  
u ra t ion ,  deve loped  in  our  center  [16]. For  th i s  pur -  
pose ,  the  c ine f i lm was  mounted  on  a s tandard  Ta -  
garno  35 CX pro jec tor  w i th  bu i l t - in  v ideo  camera .  
A se lec ted  c ine f rame was  then  conver ted  in to  v id -  
eo  fo rmat ,  d ig i t i zed  at  a reso lu t ion  o f  512 x 512 • 
8 b i t s  and  d i sp layed  on  a v ideo  mon i to r .  For  cal i -  
b ra t ion ,  a reg ion -o f - in teres t  a round the  catheter  
t ip  was  se lec ted  w i th  the  mouse  o f  the  sys tem,  
magn i f ied  two- fo ld  w i th  l inear  in terpo la t ion  and  
d i sp layed  on  the  v ideo  mon i to r  fo r  subsequent  
measurements .  Next ,  the  user  ind icated  w i th  the  
mouse  three  pa i rs  o f  po in ts  at  the  s ides  o f  the  
magn i f ied  catheter  segment .  The  average  va lue  o f  
the  measured  w idth  expressed  in p ixe ls  was  com-  
pared  w i th  i ts  t rue  s ize  ( in  ram) ,  resu l t ing  in  a 
ca l ib ra t ion  fac tor  in mm/p ixe l .  Then ,  the  ar te r ia l  
segment  to  be  ana lysed  was  magn i f ied  two- fo ld  and  
l inear ly  in terpo la ted ,  and  the  user  de f ined  the  ob-  
s t ruc t ion  and  re ference  d iameters .  F rom these  ab-  
so lu te  va lues ,  percent  d iameter  s tenos is  was  ca lcu -  
la ted .  
Table 1. Exercise echocardiography and SPECT with the coronary angiography findings in the study group. 
Pt A/G MI bB ANGIO ECHO SPECT ISCHEMIC EXERCISE RADIOTRACER 
INDICES TESTING 
rest stress rest stress echo spect ap st end-point 
1) 56/M + + 100% - 
2) 40/M - - 100% - 
3) 49/M + + 80% - 
4) 63/M - + 77% - 
5) 55/M + - 74% - 
6) 77/M - - 67% - 
7) 61/M - - 65% - 
8) 66/M + + 64% LAD 
9) 37/M + - 61% - 
10) 43/M - + 58% - 
11) 51/M + + 57% - 
12) 75/M - - 55% LAD 
13) 71/F - - 54% - 
14) 64/F - - 52% - 
15) 64/M + - 52% LAD 
16) 68/M - - 49% - 
17) 64/M - - 48% - 
18) 44/F - + 48% - 
19) 67/M - - 47% - 
20) 61/M - + 40% - 
21) 65/F - - 37% - 
LAD - LAD .71 .80 - + + MIBI 
LAD - LAD .35 .34 - + + MIBI 
LAD - LAD .42 .32 - - + MIBI 
LAD - LAD .79 .34 + + + 201-TI 
LAD - LAD .71 1.10 - + + 201-TI 
LAD - - .35 0 + + + MIBI 
LAD - LAD .42 .25 - + + MIBI 
LAD LAD LAD .35 .47 - + + 201-TI 
LAD LAD LAD .14 .38 + + + 201-TI 
- - - 0 0 - - - 201-TI 
LAD LAD LAD .42 .17 - - + 201-TI 
- LAD - 0 0 - + + MIBI 
LAD - LAD .14 .21 - + + MIBI 
- - 0 0 + + + 201-TI 
- LAD - 0 0 - - + MIBI 
LAD - LAD/RCA .21 .17 + - + MIBI 
LAD - - .21 0 - - + MIBI 
- - - 0 0 + - - MIBI 
- - 0 0 - + + MIB I  
- - 0 0 - - - 201-T I  
- - 0 0 + - - 201-T I  
A/G = Age/gender; MI = previous non-Q wave myocardial infarction; bB = betablocker therapy; Angio = percent diameter stenosis 
on coronary arteriography; ap = angina pectoris, st = ischemic ST segment changes; end-point = achievement of an adequate 
end-point. 
The results of exercise chocardiography and SPECT are expressed as specific oronary arteries attributed to wall motion abnormalities 
or perfusion defects. LAD = left anterior descending artery; RCA = right coronary artery. 
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Fig. 1. Sensitivity and specificity of exercise ECG, echocardiog- 
raphy (ECHO) and SPECT for the detection of left anterior 
descending coronary artery disease (diameter stenosis -> 50%). 
Numbers on the top of the bars represent absolute values. 
Fig. 2. Prevalence of a positive result on exercise ECG, echocar- 
diography (ECHO) and SPECT according to the different se- 
verity of left anterior descending coronary artery stenosis. 
Results 
Some clinical data, the results of exercise ECG, 
echocardiography and SPECT, and the findings on 
coronary arteriography are reported in Table 1. 
Sensitivity and specificity of exercise ECG, 
echocardiography and SPECT for the diagnosis of 
coronary artery disease (defined as % diameter 
stenosis -> 50) are represented in Fig. 1. ST seg- 
ment depression was present in 11 patients with and 
in 1 patient without coronary artery disease. Tran- 
sient wall motion abnormalities were detected in 13 
patients; in 11 of them a diameter stenosis - 50% 
was found. The other two patients had a diameter 
stenosis of 49% and 48%, respectively. All patients 
with a negative chocardiography ad a diameter 
stenosis < 60%. 
Transient scintigraphic perfusion defects were 
found in 11 patients: ten of them had a diameter 
stenosis ~ 50%. The other patients had a diameter 
stenosis of 49% and concordant s ress induced wall 
motion abnormalities. 
The relation between the results of the tests and 
the severity of coronary artery disease is shown in 
Fig. 2. The prevalence of a positive exercise cho- 
cardiography or SPECT is related to the degree of 
the stenosis: all the patients with a diameter steno- 
sis > 70% had both positive exercise chocardiog- 
raphy and SPECT; in the 10 patients with a dia- 
meter stenosis between 50 and 70%, exercise cho- 
cardiography and SPECT were positive in 6 and in 
5 patients, respectively; and in the group with a 
diameter stenosis < 50%, two patients were posi- 
tive on echocardiography and one patient on 
SPECT. The incidence of ST segment depression 
was more 'uniform', while the distribution of angi- 
na pectoris during the test was unpredictable. 
The agreement between exercise echocardiog- 
raphy and SPECT for the presence of coronary 
artery disease is represented in Fig. 3. There was an 
overall good agreement between the two tests (19/ 
21 patients, 90%). Of the 8 patients with both tests 
negative, 4 did not achieve an adequate xercise 
end-point. The disagreement was due to two pa- 
tients who had a positive exercise echocardiog- 
raphy without ransient perfusion defects on 
SPECT. 
Assuming that ischemic score indices represent 
the amount of myocardium at risk, we compared 
wall motion and perfusion score indices ach other 
and with the diameter stenosis. Although the dif- 
ferent left ventricular wall segmentation and the 
different score system we used, a good correlation 
between the two indices was found (r = .78, p < 
0.0001). Moreover, the % diameter stenosis was 
well correlated with both wall mot!on and perfu- 
sion ischemic score indices (r = .75, p< 0.0001; 
r = .67, p < 0.001, respectively). 
Among patients with a positive test, ischemic 
wall motion score index was higher in patients with 
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ECHO 
SPECT 
+ 
Fig. 3. Agreement between exercise echocardiography and 
SPECT in the study group. + = positive result; - = negative 
result. 
diameter stenosis -> 70% than in patients with dia- 
meter stenosis <70% (0.59 + 0.19 vs 0.29 _+ 0.12, 
p < 0.01); a similar trend was found for ischemic 
perfusion score index, although the difference was 
not statistically significant (0.51 + 0.35 vs 0.27 + 
0.12, ns) (Fig. 4). 
Discussion 
The purpose of this study was to compare xercise 
echocardiography and perfusion SPECT in a group 
of patients with left anterior descending coronary 
arterial stenoses. In recent years, exercise chocar- 
diography has been proposed as a feasible and 
low-cost alternative technique to scintigraphy for 
the diagnosis of coronary artery disease [8-11]. 
However, there are very few studies addressing the 
comparative alue of the two tests for the diagnosis 
of the presence and the severity of coronary artery 
disease, and in these studies the assessment of cor- 
onary arteriograms was limited to a visual judge- 
ment [12-14]. We have already compared the re- 
sults of exercise chocardiography and perfusion 
SPECT in patients with suspected coronary artery 
disease and normal ECG at rest [14]; we found a 
very good agreement between the two tests for the 
detection of left anterior descending artery stenos- 
es visually evaluated. 
The main features of the present tudy are: a) the 
homogeneous group of patients with single-vessel 
disease of proximal or mid left anterior descending 
artery; 2) exercise chocardiography and SPECT 
simultaneously performed; 3) analysis of coronary 
lesions by caliper technique. 
The results indicate an excellent agreement be- 
Fig. 4. Mean wall motion (ECHO) and perfusion (SPECT) 
ischemia score indices in patients with positive test and different 
degree of coronary artery stenosis. 
tween exercise chocardiography and scintigraphy 
for the diagnosis of the presence of 'significant' 
coronary disease and for the severity of myocardial 
ischemia. In particular, analysis of echocardio- 
grams and SPECT showed a more extensive and 
severe new wall motion abnormalities and tran- 
sient perfusion defects in patients with diameter 
stenosis >70%, compared to patients with less 
severe stenoses (Fig. 4); however, in the individual 
patient the score is not helpful to predict he sever- 
ity of coronary stenosis, due to the considerable 
overlap of the values. 
Consistent with previous cintigraphic and echo- 
cardiographic studies [17-20], sensitivity was high- 
est in patients with more severe lesions, of 70% or 
more, confirming that the prevalence ofan ischem- 
ic response is primarily related to the severity of 
coronary stenosis. Based on our previous experi- 
ence [12-14, 21], these positive results cannot be 
extended to patients with disease of left circumflex 
or right coronary artery, in which the sensitivity of 
exercise chocardiography is slightly lower than 
that obtained by SPECT. 
Limitations of the study 
In this group of patients the usual antianginal ther- 
apy was not discontinued; this could affect he as- 
sessment of 'true' sensitivity and specificity of the 
tests. In particular, 4 of the 8 patients with both 
tests negative did not reach an adequate xercise 
end-point, and 3 of them were on betablocker ther- 
apy. However, the aim of this study was not to 
assess the physiologic significance of a coronary 
stenosis. Rather, we wanted to compare exercise 
echocardiography an SPECT for the detection of 
myocardial ischemia in a group of patients primar- 
ily referred for perfusion scintigraphy, conditional 
to their medical treatment. 
Another potential limitation of this study is due 
to the different radiotracers used for SPECT stud- 
ies. The presence of a 'fixed' perfusion defect on 
201-thallium imaging could be due to late redistrib- 
ution, indicating ischemia rather than scar [22]. 
This could decrease the prevalence of an ischemic 
response. In the present study, 3 patients had a 
fixed defect on 201-thallium SPECT, but all of 
them had also a reversible defect in the same area. 
Since positivity of SPECT was based on the pres- 
ence of reversible defects, these 3 patients were 
considered positive, independently from the fixed 
defects. 
Clinical implications 
The results of this study suggest that exercise cho- 
cardiography and perfusion SPECT give the same 
information on the presence, the site, the extent 
and the severity of myocardial ischemia in patients 
with single vessel disease of the left anterior de- 
scending artery. The results of post-exercise echo- 
cardiography are strongly dependent on the skill of 
the operator to record good quality images as soon 
as possible after termination of exercise. Further- 
more, wall motion is the most difficult echocar- 
diographic parameter to evaluate. In the present 
study, echocardiographic images were interpreted 
by two observers (because this is the policy in our 
center); however, the low inter- and intra-observer 
variability for stress echocardiography in our lab- 
oratory indicates that this is not relevant for clinical 
test utilization, provided a good and long specific 
training be done. On the other hand, perfusion 
scintigraphy requires high cost equipment not al- 
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ways readily available. The choice of the 'best' 
method relies on the facilities available in the in- 
stitution and on the level of expertise of the individ- 
ual laboratory. 
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